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ABSTR4CT——

This paper examines from a critical perspec-
tive conventional economic analysis which
utilizes the discounted present value cri-
terion. It is found that this technique has
a number of limiting characteristics which
cor,tribute to the lack of general usage of
?conomic analysis for ev~ludting passive solar
iflstalldtions. Within this context we suggest
an alternative approach for determining the
eccnomic desirability of such inwstments.
This latter method, compo~nd future worth
andlysis, is found to be both more under-
~:dnd~ble and flexible.

1. INTF!ONJCTIOII

Conventional economic analysis of energy con-
serving capital investments is usually based
UIIOII cash flow analysis: that is, the yearly
ca~h flows associated with ch~rges due to and
s~vings derived from a particular investment.
The discounted present value (DPV) technique
is used to convert non-uniform net cash flows
into a net present value which reduces the
lifetime stream of the benefit-cost differen-
tial to a lump sum dollar amount expressed
in this year’s dollars. The net present val-
ucs of alternative solar investments are then
cornpdred, and particular solar systems are
often sized to insure the lalgest possible
neL present value over the assumed system
life or owncr>hip period. Oftentime, the net
present vlaue criteria conflicts with other
objectives, including favorable payback per-
iods , comfort considerations, etc. Notwith-
st~nding these problems, the DPV technique
has other limitations that have not been
~ddrcssed or recognized by the solar colIunu-
nity.

(a) DPV analysis defies Intuitive iogic
because it effectively movrs events lack into
time, whereas the natural ordel is for time
to move forward.

(b) Host individuals have cxpect~tions
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concerning future events. and as time
passes ,th;ir behavior of~en changes in
response to changing conditions. DPV
analysis imposes a structure upon the
dynamics of future behavior, and as such,
does not account for the true dispo~ition
of cash flows over time.

(c) As dollar savings are realized
dlle”to lower energy usage, the savings in
reality are not treated as separable in
personal consumption (goods and/or ser-
vices) or personal savings. OPV analy-
sis cannot easily allow for the separa-
tion of these income allocations which
carry different valuation weights for
each individual.

(d) Comnon experience shows that
the concept of discounting is difficult
to grasp by most design professionals.
This is not meant to imply that the de-
sign conrnunity cannot understand the
principles; rather, it pofnts to the
need for an alternative approach that IS
perhaps more understandable and not sub-
ject to the above drawbacks.

In this paper we suggest the use of com-
pound future worth (CFW) analysis for
evaluating alternative investments. The-
oretically, CFW analysis gives the same
results as would OPV analysis, but the
value of realized dollar “savings” is
projected into the future; that is, the
CFW technique indicates the investmer,t
value at the end of the period, as
opposed to the b~ginning of the period.
By using this approach “savings” can be
treated as spent immediately of rein-
vested for withdrawal at a future period
in time, both of which have secondary
energy use and economic impacts.

The paper is structured as follows. In
the next section we develop the relation-
ship b~twcec OP1 and CFW, Section 3 out-
lines a particular empirical example. In
Section 4 comparative results which demon-
strate the inherent flexibility) of the CFW
approach arc prcscntcd, Concluding rclll~rks
are offered in the final section.



2. DECIS1ON CRITERIA——

The mathematical statement of the DPV deci-
sion rule for any investment using end of
year accounting is

T t

where:

Alternative’

Theretorc.

t= 1

NCFt =

r=

T=

y, the CFW
T

net cash flow or in-
vestment returns minu~
cash outlays in year t
rate of discount or
interest
period of financial
analyfis.

rule is ,represented a~
T-t

cw= iNCF+ ‘(l+r)~=j b - .

he relation~hip bctwccn the~e de-
cision cr~tcria iS

OPV . (l+r)T = cFW.

Since (l+r)7 IS a constant for a specified per-
iud of analvsis then CFW is a con~tant multiple
of DPV; hen~e, the relative ranking of invest-
ments (altPrnativc investments or different
size~ of the same investment) will be iderlti-
cal unch’r eilher decision rule. To this date,
the solar community h~s shown a pench~nt for
using DPV calculations to the exclusinn of the
CFW approach although, as was indicalcd ilt thu
introduction, OPV possesses many undesirable
propcrtirsm The following wctions will
dcmonztr~te that the CFW approach is both more
flexible and manageable in its ability to in-
COr~JOrfltI? various behavioral and polilical
chiirlgcs in the clyn~mic structure.

3. SPFCII ICATION UF KXAJIPI[——. .—.—- . ..—.———

The spccili: pdssive solar investment under
consideration is a hybrid design -- 60Z double
glazed 12” water wall ccmbined with 407! double
glalcd direct gain -- with R-4 night insula-
tion located in Dud c City, Kansas (5,0fi6

Yheating degree days . The heat 10SS factor
for the reference home is assumed to be
7470 Btu/DD. The performance characteristics
of the sy~tcm as~f?fildby?w~imd10ad-
collcctor ratios ([ltu/Dl)-ft-g) and colll?ctor
arcJs for zpecified soldr h~~tirlg fractiuns
are listed in Table 1 [1].
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The relative economic viability of a par-
ticular pas-ive design is highlY depmderrt
upon the set of financi?l param~ters uti-
lized in the analysis. However, this is-
sue is not pursued here; rather, we con-
centrate on the relationship between CFW
and DPV for a stipulated set of parameters.
These arc specified in Table 2.
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4. COMP).RATIVE AFiALYS15—----- .---— —— ----

T,,e COm;JaratjvC analysis is limited to arl
c.amination of only one passive solar in-
ve. tmcnt. Within this context. optimally
s;zlllg the systum remains the relevant
consideration. In Table 3, DpV and :~w
calculations are present.cd by so;~r frac-
tion in ICX incrcmunts. A!. iS illuLtrdL’:d
eoch decision rule yields the rrsu,t that
the hybrid pas~ive design rhou7A ‘c IOm-
ployed to sati~y 50% of ttm ru>iduncc’s
heating rcquircmcnts. At this fraction
both net pre<cnt value and compcund fu-
ture worlh are mazimizcd. This confirms
thp mathematical result of consistency
between the ducision rulrs obt~inr’d above.
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In addition, it has been well established
that DPV, and therefore OPtimal solar
fraction, iS quite sensitive to the pre-
vailing discount rate. This is also the
case for CFW calcul~tions. For example,



a cmrprjur,ding rate of .02 corresponds to an
o;.timal solar fraction of ,6, whereas if a
.2 coq;wnding rate is used a 401 solar frac-
tion is optlrr, al.A high compound interest
rate implies thtit the passive solar investor
hds alternative investment opportunities
which y{elrl high r~turns. Thus , solar feasl-

bili’y is diminished as would be the case with
a hig,i dis(.ount rate in DPJ analysis. An al-
Lcrr,ctivr example wou?d be low inlhrcst loans
for- par.sive solar ir,~tallations. In this
~i:z~. ,:...jve would hfivc a relatively high, ,1.....
rctbrfi clue to ‘it<low interest ccrs.tand there-
fore tolar fcti~itrility would be heightened.

,r,LI-Ijr:I.1:,(1!:’:’r:;LratG Lt,c ilfi~jtir.t0[ privdtc
i,,:,.,tw,nt i,(i,,l,:ior on :Glur f~.d~ibil ity f.on-
;ii!r,r the following. The individu~l mdy rlc-

idi: Lo in’.’!.;: z]l tllc [L)LitiVL rl~t CL’,b flOwS
ir,r.+,,’!r)o~‘.dvinys a“, a rdtc of 71. }Iowrver,
:1,,,1,,.jti:i;(~IIOL cti:,hflows mcry be Pdid fOr
,drtly (,1’Lw’o !JO”:)fJul of Ldvings (implying
jn il.:!:r:f,L10I,L of 72 dnnudlly) ~r,d I,drtly
Y rr,!ucil,q(.(,r’,u~pLiurlr’x~lctlditures(imPly-
ing J 10I.L uf Ok in this example). Lote, that
, ;r.ro rfturn d5~,ociaLl,d with con~umption ex-
,Ur,diturv$ ir,mrrcly il~ustrativc, In this
irl:,L,jncc,tt)!,upLimal solar frdction irlCrPa”,CS
.0 .7 in the hud~!’ City cxdmplc. Crjnvvr”lrly,
if the o;]posite b:hdViOr iS as~uwd -- nc9etivc

dsh flGwr. are t[ikrn entirely out of saviflgs
If]d~wti,tivc c~~h flo,wr are only partly (50%)
n:c,tt~’daL 72 - tl,un the optimal frdclion
‘ails to .3. The ir;,urtdrlceof thi5 cy~mple
s to st,ciitl,at if ir,dividuals dpply diffcr-
ntial r~tcs of return to the various cowo-
wrlt~ofca;h flows then solar feasibility will
,C altered.

:Iother set of ch,~rlgeswhich are difficult to
ncorporate into the u?V structure is mid-
,lream political or social n,ovc~::nts which
!ffuct investment behavior. Individuals

Iavc c~pcctations cotlcerning future events.,
.Lny rclfitcd to ij:ij:;lcfingpolitical or social
},~rlges. Fcrr insl~nce, tlIc ifi;estor my cx-

expect that changes in federal mone~ary
or fiscal policy may alter investment
opportunities. Consider the case of a
decline in inflation five yl,ars hence
which is assumed to result in a reduction
in the ccx-npounding rate from .12 to .07.
positive net cash flows which correspond
to the later yeals arc then subject to a
lower rate of return. ]n the Dodge City
example this expectation re~ults in a
40X optimal solar fraction, a decline of
10% from the initial example case.

A final advantage of the CFk! approach is
its ability to provide information on
sr~ondary energy u>e pattcrnt. ‘hat is,
positive net cdsh flows associated with
a solar invcsl.rncnt may be invested or
cunsumrd. lf energy ir,tcr,siveconmoditics
are consumed thrn total energy savings
associated with thr initial solar invcsL-
mcnt may he redl]ced. Thi< could result
tither from a chdnye in ofic’s entire con-

zumP: ion set (i.e. , a pfirticular inc(,m(?

thrcsholu is passed which allOh,S the pur-
chase of an alternative life styie) or
increased consumption af the rxisting
[I,rrlnodityset. Skcundary rncrgy impact
dr,~lysis can bc easily h?ndl(”d in Lhc
CI’W strut’urc ?nd i~ lIIC su!,ject of
cunLirluiny r[.’,[iirch.

This paper began with the prc:!,isctt,at
CXiSting CCOnOMiC dnaly5iS of ;ldSSiV@

solar invest.mnts IIas a nu”rlberof limi-
tirtions. Thc\e drawt,acks have con-
strained the use of economic analysis in
d[,ci~inns cor,ccrr,ing solar energy appli-

cation. In an attempt to incr.sate tnc
u~e 2f economics in solrir investment
decisions we II,IVC\uggcstpc! the compound
future worth appro~ch as a rcplaccncrrt
fur discounted presrnt value analysis.
CFW is the more netural methodology since
movwment is forward rather than backward.
Further, the CFW approach I]as a generality
and flexibility not inherent in the OPV
approach. This is cvid~nccd by consider-
ation of investment return differentials,
private investment behavior, politically
or socially induced changes, and secon-
dary energy impact analysis.

6. R[FEF!EWCES.-—— - --.--

(1) Balcomb , ,1.D. and Anderson, B.A.,
Passive Solar Ilendbunl., forthcoming
D~~pariiirht-of Enckyy” Flport, 0979).

(2) Hishan, F.J., Cost-5cncfit Analysis,
(!:cw york:

..-. .-..-----
Prdcger Publishers, tiolt,

Rinehart and h’inston, 1976).



(3) Nell, S. A., “Economics and the kigrt

Proceis,” paper presented at the Third Nation-
al Pas5ivc Solar Conference, San Jose, Ca?i-
forria, (Jar,uary, 1979).

(4) Perino, A.M., “A Methodology for Gctcr-
fi,iriingthe Economic Feasibility of Residen-
tial or Commercial Solar Lnergy Systems,”
Si+ndia laboratory Report”l/u’nber SA:iD7E-0331,
(January, 1979).

(5) Poach, J.F., NcJ1l, S.A. and Eeri-David,S. ,
“Pas\ive and Active Residential Solar Heating:
A Ccmuarative Economic Analysis of Select
12e5i9h5,” [ner y: “

?
Tne-international Journal,

(January, y9_79 .——-—”-”-–-- ”’- ““’-”’”-———


